Introduction
============

Traumatic brain injury (TBI) is one of the commonest cases in the emergency department (ED). It is one leading cause of mortality in productive age, where the incidence is significantly increased with the increased use of motor vehicles.[@b1-oaem-9-069],[@b2-oaem-9-069] The efforts to minimize secondary brain injury in TBIs is the key for intervention in neuroanesthesia and intensive care.[@b3-oaem-9-069] The primary goal is to maintain the adequacy of tissue oxygenation. Thus, the ability to do early detection of hypoxia is very essential in critical care, since ischemia and hypoxemia have a vital contribution to the brain damage.[@b1-oaem-9-069],[@b3-oaem-9-069]

Jugular venous oxygen saturation (SjvO~2~) is one of the techniques that can be used to estimate the balance between cerebral oxygen delivery and demand.[@b4-oaem-9-069]--[@b6-oaem-9-069]

For \>40 years, Glasgow Coma Scale (GCS) is the most common method used by clinicians all over the world in assessing consciousness level and neurological condition. Its main features are that it is simple, easy to perform, and does not require any special diagnostic tools.[@b7-oaem-9-069] This scale has several limitations such as the interobserver variability and the inability to examine the verbal (V) component in intubated patients.[@b4-oaem-9-069] GCS also fails to explore brain stem reflexes, changes in breathing patterns, and the need for mechanical ventilation, which may explain the severity of unconsciousness.[@b4-oaem-9-069],[@b5-oaem-9-069],[@b8-oaem-9-069]

Full Outline of Responsiveness (FOUR) score is a new scale for consciousness that was developed by a group of doctors at Mayo Clinic in 2005.[@b4-oaem-9-069] This scale includes the examination of eye, motor, brain stem reflexes, and respiration.[@b4-oaem-9-069],[@b5-oaem-9-069] The FOUR score provides greater neurological detail than the GCS, recognizes a locked-in syndrome, and is superior to the GCS due to the availability of brainstem reflexes, breathing patterns, and the ability to recognize different stages of herniation.[@b4-oaem-9-069] By expanding the neurological assessment with measurable evaluation, the hope is that FOUR score may provide an innovative and detailed way in assessing level of consciousness in critically ill patients.

Methods
=======

The aims of this study were to determine the correlation between SjvO~2~ and FOUR score and to assess whether they act as independent mortality predictors in TBI cases. This study was held from January to March 2017 at ED and intensive care unit (ICU) of Sanglah General Hospital in Denpasar, Indonesia. This study was approved by the research ethics committee of Sanglah General Hospital and Udayana University. All the patients or their guardians have provided written informed consent to be included in this study.

Patients aged from 10 to 70 years with severe traumatic head injury who were admitted to ED were enrolled in this study. Those with cyanotic heart disease, chronic obstructive pulmonary disease, brain stem death upon admission, and contraindication conditions to single-lumen catheter insertion were excluded from the study. SjvO~2~ sampling was taken from single-lumen catheter in the unilateral side of the brain's pathological process and was taken upon admission, 24 hours, 48 hours, and 72 hours after arrival. After the blood sample was taken, the observer assessed the FOUR score. Patients who were sedated for brain resuscitation purpose were excluded from the study.

Kolmogorov--Smirnov test was used to evaluate data normality. Correlation between SjvO~2~ and FOUR score was evaluated by Spearman's correlation test. A *p*-value ≤0.05 was considered as statistically significant.

Results
=======

A total of 63 eligible patients were enrolled in this study. The characteristics of subjects is shown are [Table 1](#t1-oaem-9-069){ref-type="table"}. The median age was 32 years with 44 (69.8%) patients male and the remaining 19 (17.9%) patients female. Out of these 63 patients, 50 (79.4%) were treated with surgical procedure and the others (20.6%) were treated conservatively in the ICU. In all, 44 patients (68.8%) were alive and discharged and the remaining 19 (30.2%) patients died under the treatment in ICU.

Weak positive correlation (*r*=0.246, *p*=0.052) between SjvO~2~ and FOUR score was found upon patients' arrival. On 24 hours post admission, the correlation between the two was *r*=0.481 (*p*=0.082). These two correlations were taken as not significant due to their respective *p*-value (\>0.05).

Significant negative correlations were found on 48 and 72 hours post admission, with *r*=−0.751 (*p*\<0.001) and *r*=--0.49 (*p*=0.002), respectively, as shown in [Table 2](#t2-oaem-9-069){ref-type="table"}. These indicate strong correlation at 48 hours and moderate correlation at 72 hours post admission.

In linear regression analysis, we looked for variables with statistically significant mortality predictor. [Table 3](#t3-oaem-9-069){ref-type="table"} shows that SjvO~2~ (*p*=0.04) and FOUR score (*p*\<0.001) are statistically significant variables as mortality predictors.

Discussion
==========

SjvO~2~ measurement provides information about the balance between supply and demand of brain oxygen status.[@b3-oaem-9-069],[@b5-oaem-9-069] Unused oxygen in the brain will be delivered to the systemic circulation via internal jugular vein, and therefore, SjvO~2~ measurement can help to determine the balance between cerebral blood flow (CBF) and cerebral metabolic requirement of oxygen (CMRO~2~).[@b3-oaem-9-069]

Normal value of SjvO~2~ is 55--75%. The value \<55% means patients have inadequate CBF due to various causes (hyperventilation, reduced cerebral perfusion pressure, and vasospasm) or increased CMRO~2~. While the value of \>75% can be caused by hyperemia condition, decreased cerebral metabolism requirement (due to cell death or mitochondrial dysfunction), and microvascular shunting due to oxygen extraction and diffusion disturbance on the damaged brain tissue. These conditions have a poor neurological prognosis.[@b3-oaem-9-069],[@b5-oaem-9-069]

FOUR score, a new consciousness scale, has an important advantage for patients treated at ICU as can help evaluate neurological status of intubated patients. Unlike GCS, it does not include verbal component on the examination.[@b4-oaem-9-069],[@b5-oaem-9-069],[@b8-oaem-9-069] The FOUR scale includes the examination of eye, motor, brain stem reflexes, and respiration.[@b4-oaem-9-069],[@b5-oaem-9-069] FOUR score may be a promising method to evaluate consciousness in intubated patients in the intensive care setting.

This study was conducted to determine the correlation between SjvO~2~ and FOUR score. Weak positive correlation values were found at the admission and 24 hours post admission. However, they were not statistically significant, most likely due to patients being sedated in this period to assist brain resuscitation.

Meanwhile, moderate-to-strong negative correlation values were found at 48 and 72 hours post-arrival period. These results were consistent with the study of Sharf and El-Gebali,[@b9-oaem-9-069] which reported a strong positive correlation between SjvO~2~ and GCS in all cases (*r*=0.85 and *p*\<0.001) and in survived patients (*r*=0.74, *p*\<0.001). The study also reported a strong negative correlation on 48 and 72 post-arrival periods. These findings show that FOUR score and GCS possess similar features in terms of their relationship with SjvO~2~.

Gopinath et al[@b10-oaem-9-069] reported a correlation between desaturation in SjvO~2~ and final neurological prognosis in brain injury case. Poor final neurological prognosis was obtained in 90% of patients with recurrent SjvO~2~ desaturation events. In patients who did not have SjvO~2~ desaturation events, poor neurological prognosis was found only in 55% of these patients. Cormio et al[@b11-oaem-9-069] reported that in 450 severe head injury patients treated at the intensive neurosurgical care unit, 25.6% of patients' with increased SjvO~2~ got a better outcome (good recovery, moderate disability), 25.6% recovered with severe disability, and 48.8% died or turned into vegetative state. The two studies suggest that SjvO~2~ should be in optimal range, not lower or higher than its normal range.

Both SjvO~2~ and FOUR score were found to be significant predictors to mortality. Sharf and El-Gebali[@b9-oaem-9-069] also reported that GCS (*p*=0.008) and SjvO~2~ (*p*\<0.001) were significant mortality predictors.

The limitation of this study is the sample size that was relatively small. A similar research with a larger sample size can provide more information on the relationship between the two variables.

Conclusion
==========

SjvO~2~ is significantly correlated with FOUR score at 48 and 72 hours after patient's arrival. Both SjvO~2~ and FOUR score are significant mortality predictors. Further research may be needed to get more information about correlation between SjvO~2~ and FOUR score and to assess their relationship with long-term neurological outcomes such as Extended Glasgow Outcome Scale.
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###### 

Sample characteristics

  Variables                     n
  ----------------------------- -------------
  Sex, n (%)                    
   Male                         44 (69.8)
   Female                       19 (30.2)
  Age (years), median (IQR)     32 (31)
  BMI (kg/m^2^), median (IQR)   22.2 (14.3)
  Procedure underwent, n (%)    
   Surgical                     50 (79.4)
   Conservative/nonsurgical     13 (20.6)
  Patient outcome, n (%)        
   Survivor                     19 (30.2)
   Non-survivor                 44 (69.8)

**Abbreviations:** IQR, interquartile range; BMI, body mass index.

###### 

Spearman's correlation between SjvO~2~ and FOUR score

  Time                    *r*      *p*-value
  ----------------------- -------- ----------------------------------------------------
  Upon arrival            0.246    0.052
  24 hours post arrival   0.481    0.082
  48 hours post arrival   −0.751   \<0.001[\*](#tfn3-oaem-9-069){ref-type="table-fn"}
  72 hours post arrival   −0.49    0.002[\*](#tfn3-oaem-9-069){ref-type="table-fn"}

**Notes:** *r*, Spearman's correlation;

statistically significant.

**Abbreviations:** SjvO~2~, jugular venous oxygen saturation; FOUR, Full Outline of Responsiveness.

###### 

Regression analysis results to detect mortality predictor

  Variables    *B*      *p*-value                                             OR      95% CI for OR   
  ------------ -------- ----------------------------------------------------- ------- --------------- -------
  Age          −0.18    0.412                                                 0.982   0.941           1.025
  MAP          −0.17    0.641                                                 0.984   0.918           1.054
  FOUR score   −0.587   \<0.0001[\*](#tfn5-oaem-9-069){ref-type="table-fn"}   0.925   0.858           0.996
  SjvO~2~      −0.78    0.04[\*](#tfn5-oaem-9-069){ref-type="table-fn"}       0.556   0.406           0.762

**Note:**

Statistically significant.

**Abbreviations:** MAP, mean arterial pressure; OR, odds ratio; CI, confidence interval; FOUR, Full Outline of Responsiveness; SjvO~2~, jugular venous oxygen saturation.
